This study examined the effects of an eight-week-web-based mindfulness program designed for individuals with chronic pain. A sample of 107 participants with chronic pain (M ¼ 51.0 years, SD ¼ 9.3) were randomly assigned to a treatment group and a control group. The mindfulness program involved 20 minutes of training per day, six days a week, for eight weeks. During this period, the control group was invited to an online discussion forum involving pain-related topics. A total of 77 participants completed the postintervention assessment (n ¼ 36 in the treatment group, n ¼ 41 in the control group). The group assigned to mindfulness training showed increased mindfulness skills (Cohen's d ¼ Despite limitations of this study, including a less than ideal control group to isolate effects of mindfulness and lack of a long-term follow-up, the results appear promising and may motivate further investigations.
Introduction
Chronic pain has been defined as pain that extends beyond the expected time of healing, and persisted six months or more since onset (Turk & Okifuji, 2001 ). Based on this criterion, a large-scale survey in 15 European countries and Israel (Breivik, Collett, Ventafridda, Cohen, & Gallacher, 2006) estimated the prevalence of moderate to severe chronic pain to 19%. Presumably due to use of a different cutoff with regard to duration since onset (! three months) and/or wording of the questions, other studies have shown even higher rates (Gerdle, Bjo¨rk, Henriksson, & Bengtsson, 2004; Ha¨user et al., 2014; Jakobsson, 2010) . Thus, chronic pain is widespread and associated with very large costs for the society. These include costs for sick leave and healthcare (Ha¨user et al., 2014; Turk & Okifuji, 2002) and patients with chronic pain conditions using healthcare services up to five times more compared with the rest of the population (von Korff, Wagner, Dworkin, & Saunders, 1991) .
Apart from burdens on society, chronic pain is associated with substantial suffering on the part of the individual. Chronic pain has, for example, been associated with sleeping problems, a higher body mass index, fatigue, lowered mobility (Jakobsson, 2010) , and lowered quality-of-life ratings (e.g. Breivik et al., 2006; Lame´, Peters, Vlaeyen, Kleef, & Patijn, 2005; Silvemark, Ka¨llme´n, Portala, & Molander, 2008) . Severe pain has been found be a risk factor of mortality, from heart disease and respiratory disease in particular (Torrance, Elliott, Lee, & Smith, 2010) . Hence, it is of great interest to establish effective methods to reduce and/or promote means to cope with chronic pain.
Chronic pain has proven hard to treat effectively. The most common treatment involves analgesic and opioid drugs. However, the reduction of pain for patients on long-term opioid treatment is far from complete (around 32% on average; Turk, Loeser, & Monarch, 2002) , and the treatments may have some side effects. Recent tightening of prescription guidelines also aim to reduce the risk of addiction disorders resulting from prolonged use of opioid treatments (Dowell, Haegerich, & Chou, 2016) . Surgery for chronic pain conditions, especially chronic back pain, is common but often fails to remove the pain to a satisfactory level (Turk, 2002) . As concerns psychological treatments, a recent review of the efficacy of cognitive behavioral therapy (CBT) for chronic pain (Williams, Eccleston, & Morley, 2012) concluded that CBT showed a small beneficial effect on pain and disability ratings and a moderate effect on mood compared with treatment-as-usual or waitlist control conditions. However, these effects were not larger than for active control groups and were not observed at a 6-to 12-month follow-up (i.e. compared to waiting-list control), except for mood. So-called multimodal rehabilitation (Ha˚llstam, Sta˚lnacke, Svensen, & Lo¨fgren, 2015) , combining physical exercise, CBT, and work training coordinated in an interdisciplinary team, could possibly stand a better chance to attain long-term results but is highly resource consuming.
Given the drawbacks of the aforementioned methods (e.g. side effects, small effects, and extensive resource requirements), recent years have seen an increased interest in an alternative, and less resource intensive, class of methods referred to as mindfulness-based interventions (MBIs; Reiner, Tibi, & Lipsitz, 2013) . Mindfulness is a somewhat elusive construct but has been described as ''paying attention in a particular way; on purpose, in the present moment, and nonjudgmentally '' (Kabat-Zinn, 1994, p. 4 ). An operational definition by Bishop et al. (2004) included two components: self-regulation of attention and orientation to experience. Self-regulation of attention involves the ability to sustain attention, switch attention, and inhibit elaborative processing. Orientation to experience involves a particular orientation toward the present moment that is characterized by curiosity, openness, and acceptance. These attitudes provide a non-elaborative awareness to the experience and a decentered, more insightful, perspective on thoughts and feelings. To the extent that mindfulness requires control of cognitive processes and as well as the ability to monitor the stream of consciousness, it may be regarded as a meta-cognitive process (Bishop et al., 2004) .
A wealth of individual studies, summarized in meta-analytic reviews, indicate that MBIs are effective in reducing different forms of psychological distress, such as depressive symptoms and anxiety, in clinical and nonclinical samples (e.g. Grossman, Niemann, Schmidt, & Walach, 2004; Khoury et al., 2013) . In regard to chronic pain, a review based on 10 studies by Chiesa and Serretti (2011) indicated that MBIs increase pain acceptance, pain tolerance, and ratings of life quality and reduce pain-associated psychological distress (see also Veehof, Oskam, Schreurs, & Bohlmeijer, 2011) . A more recent meta-analysis (Bawa et al., 2015) restricted to 11 studies that used a randomized control group design provided less substantial effect sizes (e.g. compared with control conditions) for clinical outcomes (e.g. depressive symptoms) and considerable heterogeneity in regard to effect sizes. A similar heterogeneity was observed also in regard to humanistic outcomes (e.g. life quality ratings, pain acceptance), with a large effect size for pain acceptance (Hedges' g ¼ 1.58), based on two studies only, though. Support of the effectiveness of a MBI for pain was provided in a subsequent study by Cherkin et al. (2016) . The study involved 342 participants with chronic back pain randomly assigned to a mindfulness-based stress reduction (MBSR) program, CBT treatment, or usual care. The result demonstrated that clinically meaningful improvement of the back pain was more frequent for the MBI (and for CBT) as compared with usual care.
Whereas past studies quite consistently demonstrated MBIs increase pain acceptance, there is a lack of consensus regarding whether they reduce pain intensity. Two of the reviews (Chiesa & Serretti, 2011; Veehof et al., 2011) considered the evidence inconclusive, while Reiner et al. (2013) argued for a pattern of lowered pain intensity across studies. As noted by the latter authors (cf. also Bawa et al., 2015) , there is still a relative lack of randomized and controlled studies, rendering the conclusions regarding the effectiveness of MBIs on pain intensity tentative.
The present study concerned a web-based, or online, format for the MBI. Web-based delivery of treatments offers distinct advantages over the standard face-to-face format, including: (1) easy access, without waiting lists; (2) availability at home, which saves traveling time and enable people to work at their own pace; (3) anonymity, without a need to adopt a patient role; (4) lack of requirement to involve a trained therapist; and (5) cost-effectiveness (Andersson & Titov, 2014; Bawa et al., 2015; Cuijpers, et al., 2009 ). In addition, the webbased format eliminates between-instructor variance in skill level, which may be a factor in face-to-face training. While there is growing support of the effectiveness of online MBIs on aspects of mental health, such as anxiety and depression (Boettcher et al., 2014; Krusche, Cyhlarova, & Williams, 2013; Morledge et al., 2013 ; for a meta-analysis, see Spijkerman, Pots, & Bolmijer, 2016) , the evidence pertaining to online treatments for chronic pain is still very limited. To our knowledge, only four prior studies investigated the effects of online MBIs in chronic pain conditions.
The first study (Gardner-Nix, Backman, Barbati, & Grummit, 2008) compared a group of participants who took part of a 10-week mindfulness course delivered via videoconference (n ¼ 57) with a group of participants receiving standard face-to-face treatment (n ¼ 99) and a waiting-list control (n ¼ 59). The effects of the remotely delivered MBI were superior to the waiting-list control, and in parity with face-to-face training as regards a reduction of pain catastrophizing and improvements on a health-related quality of life measure. A larger improvement was observed for the face-to-face group on two measures (physical dimension of quality of life and usual-pain ratings). A similar study by the same research group (Gardner-Nix, Barbati, Grummitt, Pukal, & Raponi Newton, 2014) revealed significant improvements of mental health, reduced pain catastrophizing, and suffering for a 12-week videoconference-based mindfulness course and on-site/face-to-face training (no comparison was made between these groups), while the controls, again a waiting-list control, remained relatively unchanged. Neither group showed significant changes in the physical quality of life measures or pain intensity, though. In both of the studies, the training was interactive in the sense that it included personal contact with an instructor and the assignment to groups was not randomized.
A third study by Davis and Zautra (2013) examined an online six-week MBI (mindful awareness/ acceptance) intervention in fibromyalgia patients. The intervention targeted socioemotional regulation, considered to be a specific problem in this pain condition. Random assignment to the treatment group and the control group labeled ''healthy lifestyle tips'' (that involved provision of useful information on daily habits of healthy living to engage the participants' attention) was employed. The results showed increases in self-efficacy for coping with pain and positive effects on engagement in relationships, marginal increases in positive affect, and a decrease in relationship stress compared with the control group.
Finally, a study by Dowd et al. (2015) involved a group of 124 participants randomly assigned to a group provided a six-week mindfulness-based cognitive therapy intervention group or a group provided online psychoeducation over the same time period. Of the participants 28 and 37, respectively, in the MBI group and the control group provided posttreatment data (23 and 27 returned for a follow-up, six months later). The mindfulness group showed significant improvements from pretreatment to posttreatment on measures of pain interference, pain acceptance, and pain catastrophizing that were also observed in the control group. Greater reduction in perceived pain intensity and life satisfaction was observed following the MBI, though. The extensive dropout (nearly 60%) is, as also noted by the authors, of concern.
In summary, prior evidence regarding remote/ online MBIs in chronic pain showed promising effects, in particular on humanistic outcome measures (e.g. pain acceptance, quality of life ratings). However, the facts that two of studies did not involve random assignment to the groups and a waiting-list control, one used a program designed with a specific pain condition (fibromyalgia) in mind, and the study by Dowd et al. had other imitations, a high dropout rate in particular, motivates further studies.
The objective of the present study was to examine the effectiveness of a webbased MBI in individuals with chronic pain. The program involved daily mindfulness exercises (2 Â 10 minutes, six days a week) over an eight-week period. An initial screening stage excluded participants with high levels of anxiety and depressive symptoms, to minimize the possibility that potential improvements following the training would simply reflect better mood, which as noted is quite consistently observed in MBIs. The participants were randomly assigned to mindfulness training or a control group invited to an online discussion forum of pain-related topics intended to control for increased attention to aspects of pain. Data on outcome measures were collected before and immediately after the intervention. Given the inconsistent findings with regard to effects of MBIs on pain intensity versus pain acceptance (and similar measures, e.g. perceived interference caused by the pain), we included both types of measures. Additionally, we included measures of perceived interference/ suffering caused by the pain, affective distress, and ratings of life satisfaction. Mindfulness skills were measured before and after the intervention, which is an important manipulation check actually missing in many MBI studies (Khoury et al., 2013) .
The research hypotheses based on prior research were that the mindfulness training would increase mindfulness skills, improve pain acceptance, lower pain-related interference, reduce affective distress, and improve ratings of life satisfaction. Additionally, these effects were expected to be larger for the MBI compared with the control condition, yielding significant group-by-time interactions across the measures.
Method

Participants and procedure
The participants were recruited in primary care settings, a pain clinic in Northern Sweden, and online (e.g. in closed social media groups). They were first informed of the study and were asked to fill out a consent form via a web page. The consent form included information regarding confidentiality and made it clear that all participation was voluntary and that they were free to quit the study any time without a need to provide any reason. In addition, the participants received questions concerning demographics and their pain condition. Of the contacted persons, 262 agreed to the consent form and responded to a first round of questions. The flow chart in Figure 1 provides information in regard to the number of participants being excluded or dropping out at the different stages of the study.
The screening of the 262 individuals involved Swedish versions of the Hospital Anxiety and Depression Scale (HADS; Lisspers, Nygren, & So¨derman, 1997) with cutoff scores for HADS of 10 for the depression scale and 16 for the anxiety scale. The Alcohol Use Disorders Identification Test (AUDIT; Selin, 2006) , and the Drug Use Disorders Identification Test (DUDIT; Durbeej et al., 2010) were in addition included, as problematic alcohol use/illicit drug/problematic might be interfere with the mindfulness training. Participants were excluded if they scored above six or eight on AUDIT or if • Completed the post-intervention measurements (n=36) Figure 1 . Flow chart describing participants being excluded or dropping out at the different stages of the study.
their DUDIT score indicated current drug use. Finally, to be eligible for conclusion, the participants had to be over 18 years old and rate pain intensity over the last three months to be four or higher on a scale from 0 (no pain) to 10 (worst imaginable pain). The time of onset of the pain (''When did you first experience the pain''?) in addition had to be more than three months prior to assessment. A total of 107 participants remained after dropout and exclusion of participants (the most frequent reason for exclusion were anxiety and/or depressive symptom scores above the cutoffs; for further details regarding reasons for exclusions, see Figure 1 ). The mean age of the final sample was 51.0 years (SD ¼ 9.2). A large majority (93%, n ¼ 100) were female. About half of the participants (48%; n ¼ 51) were on sick leave due to their pain. The mean duration of absence from work was eight years, and the mean time from first onset of pain was 14.5 years (for further details concerning the sample, see Table 1 ).
In response to a question concerning the location of the pain, the most common response (36%; n ¼ 39) was that the main location of pain varies. Other responses were divided fairly equally among specific body parts. The web questionnaire asked the participant if she/he had a diagnosis (Yes, Not A week before the program started, the participants were provided preintervention questionnaires to fill in via the web. The questionnaires included the Chronic Pain Acceptance Questionnaire (CPAQ), a brief screening version of the Multiple Pain Inventory (MPI-brief), the Five Facet Mindfulness Questionnaire (FFMQ), and the Life Satisfaction Questionnaire-11 (LiSat-11). The day before the program started, the participants were also asked to fill out a Numerical Rating Scale (NRS) rating (0-10) of current pain intensity.
After submitting the final NRS, the participants were randomly assigned to a treatment and a control group (based on random number generation in SPSS; these values were sorted and split by half; a human error in splitting the ranked data made the group unequally sized, 52 in the control group vs. 55 in the treatment group). The participants assigned to the mindfulness group received a personal code via email before the training started so that they log in at the site were the program was available and thereby access it.
The only information provided to the participants during the eight-week period was an email sent to the participants in the treatment group with a reminder/encouragement to keep up with the training. 1 Once the mindfulness program was completed, participants in both groups received postintervention questionnaires/measures described in detail.
Intervention
Mindfulness program. The mindfulness program (''Mindfulness-living with pain'') was designed with the intention to help people with chronic pain to find new ways of dealing with their pain. The program was based on a MBSR program originally developed Vidyamala Burch and Breathworks (Cusens, Duggan, Thorne, & Burch, 2010) . The original mindfulness-based pain management program involved common MBI exercises, such as body scans, mindful movements, breathing anchors, and kindly awareness (a meditation practice concerned with the development of loving kindness) which showed effects on several pain-related health problems, including decreased catastrophizing and, on particular, increased pain acceptance, and in a second experiment, the training showed a positive effect on awareness of positive stimuli as judged from an implicit association test (Cusens et al., 2010) .
The program was adapted to an online Swedish version by Mindfulnesscenter AB.
2 The adaption of the program involved a shortening of the included exercises in the original program, to 10 minutes each. The time requirement was reduced from a total of 60 hours in the MBSR program to about16 hours. The main components in the program are the 10-minute mindfulness exercises that the participants perform twice a day. The program starts with of a 10-minute introductory video informing of the training. Each of the eight weeks (referred here as steps) has a separate theme. These are, in order of presentation: (1) the breathing body, (2) dwelling in the body, (3) mindfulness of moving and living, (4) acceptance and self-compassion, (5) the treasure of pleasure, (6) being whole, (7) turning outwards-compassion for others, and (8) the journey continues-living with choice.
Each week of training started with a 3-to 4-minute short audiofile describing the coming weeks practice and what to attend to. In the middle of each week, the participants received another 3-to 4-minute audiofile to support the practice. To help the participants maintain focus and interest, there is a large variety of the 10-minute exercises; four different body scans and four different breathing anchors and variations of mindful movements that were simple and easy to perform. The following compassion practices are an important part of the program: kindness flowing in, treasure of pleasure, and kindness to self and kindness to others.
Discussion forum. The participants in the control group were provided an anonymous and monitored online discussion forum. Each week a new discussion topic related to experiences of pain was introduced by the authors, and the discussions were then held among the participants without any input from the authors. The discussion topics were: ''How is chronic pain presented in the media?'' ''Is it helpful to meet other individuals with chronic pain?'' ''What experiences do you have of the health care system?'' ''Are there books, movies or music that you find helpful when the pain is worse?'' ''How do you stay active despite your pain?'' All of the participants in the control group were provided access to the mindfulness program once they had completed the postintervention questionnaires.
Measures
Five Facet Mindfulness Questionnaire. A Swedish version of the FFMQ (Lilja et al., 2009 ) was used as a measure of mindfulness skills. The original questionnaire (Baer et al., 2008) contains 39 items. Each describes a particular state of mind (e.g. ''I pay attention to sensations, such as the wind in my hair or sun on my face''). Each of the items are rated on a five-point Likert scale ranging from never/almost never (coded as 1) to most of the time (coded as 5). A sum score indicates the individuals' global level of mindfulness. The Swedish version of the questionnaire is somewhat reduced to 29 items. Good internal consistencies were reported for the five subscales (a ¼ .75-.85) and for the total scale (a ¼ .81; Lilja et al., 2009 ). The range of the summary score is 29 to 145. The test-retestcorrelation for an online version of the FFMQ (total score) in patients with a pain condition (fibromyalgia) were reported to be 0.86 (Isenberg, 2009) . Validity evidence include significant associations with meditation experience, psychological symptoms, and measures of well-being (Baer et al., 2008; Lilja, 2009 ).
Numerical Rating Scale of pain. Two numerical ratings of pain were included at the pre-and postinterventions measurements. In the first, the participants were asked to rate their average amount of pain during the last week (provided the extreme values: 0 ¼ no pain to 10 ¼ worst imaginable pain). The second involved a rating of the amount of suffering their pain had caused during the past week (0 ¼ no suffering; 10 ¼ worst imaginable suffering). Such simple 11-point ratings of pain have been found high test-retest reliability (>.90) in pain-related conditions (rheumatoid arthritis; Ferraz et al., 1990 ) and show good convergent validity with alternative pain scales (e.g. visual analog scales, and verbal ratings and good sensitivity to experimentally induced pain (Ferreira-Valente, PaisRoberto, & Jensen, 2011). (Jakobsson, 2009 ) of the brief screening version of the MPI (a scale originally developed Kerns, Turk, & Rudy, 1985) . The MPI-brief includes eight questions from the first section of the Swedish version of the Multiple Pain Inventory (MPI-S; Jakobsson, 2009). The MPI-brief comprises four subscales with items being rated on a seven-point Likert scale (from not at all (coded as 0) to yes, very much (coded as 6): Pain Severity (e.g. ''rate your pain at the present moment''), Interference (''How much has your pain affected your ability to participate in recreational and other social activities?''), Affective Distress (''During the past week, how tense or anxious have you been?''), and Life Control (''During the past week, to what extent do you feel that you have been able to deal with your problems?''). Acceptable internal consistencies were observed of the subscales (Cronbach's as ! .68). We found no reports of test-retest correlations for the MPI-brief subscales, but they ranged from r ¼ .41 (Affective Distress) to r ¼ .77 (Pain Severity; all ps < .05) over the eight-week test-retest interval in the present study. Thus, we considered scores on the Pain Severity subscale (together with NRS intensity) as a measure of pain intensity and included scores on the MPIInterference and Affective Distress, and Life Control subscales as humanistic pain outcome variables. Validity evidence in regard to Pain Severity subscale include a strong correlation with NRS intensity ratings (r ¼ .61; Widerstro¨m-Noga, Cruz-Almeida, Martinez-Arizala, & Turk, 2006) . The other three subscales showed systematic relationships with ratings of health and social factors (e.g. feelings of social isolation) (Jakobsson, 2009 ).
Brief screening version of the Multiple Pain Inventory (MPI-brief). A Swedish version
Chronic Pain Acceptance Questionnaire. We used a Swedish version of the 20-item version of the CPAQ (Wicksell, Olsson, & Melin, 2009 ) by McCracken, Vowles, and Eccleston (2004) . The CPAQ items are statements describing ways of dealing with pain (e.g. ''When my pain increases, I can still take care of my responsibilities'', ''Despite the pain, I am now sticking to a certain course in my life''). Each statement is rated in regard to its validity on a seven-point Likert scale ranging from 0 (never true) to 6 (always true). The set of items are sometimes divided in to two subscales: Activities Engagement and Pain Willingness (Vowles, McCracken, McLeod, & Eccleston, 2008) , but here we considered the total score. The CPAQ-items showed high internal consistency (Cronbach's a ¼ .91; Wicksell et al., 2009 ). In test-retest analyses, high-intraclass correlations (.81-.87; Ojala, Piirainen, Sipila, Suutama, & Ha¨kkinen, 2013) were observed. The CPAQ has been regarded as a valid measure of pain-related acceptance (McCracken et al., 2004; Wicksell et al., 2009) , even when administered online (Fish, McGuire, Hogan, Morrison, & Stewart, 2010) , the evidence including a coherent factorial structure and systematic relationships with other aspects of pain, such as pain severity, interference, and a positive association with life satisfaction.
Life Satisfaction. Life satisfaction was measured by a Swedish version of the LiSat-11 (Silvermark et al., 2008; Fugl-Meyer, Bra¨nholm, & Fugl-Meyer, 1991) . The LiSat-11 includes 11 questions of global and domain-specific life satisfaction (e.g. social life, sexual life, physical health, and mental health). For each item, satisfaction is rated on a six-point Likert-scale from very dissatisfied (coded as 1) to very satisfied (coded as 6). In the present study, we considered the total score. The LiSat-11 showed high-internal consistency (Cronbach's a ¼ .82; Silvemark et al., 2008) . We found no prior results pertaining to test-retest reliability of the LiSat-11 total score, but the value obtained in present study (r ¼ .77, p < .001, for controls) is acceptable over an eight-week interval.
Results
Sample characteristics and attrition analyses
In the control group, 41 of the 52 participants completed the postintervention measurements. In the treatment group, the corresponding figure was 36 of 55, yielding an overall return rate of 71.5%. The dropout rate did not differ between the groups, 2 (df ¼ 1, n ¼ 107) ¼ 2.38, p ¼ .12. Dropout warrants attention to the possibility that the final groups (i.e. returnees) are selected due to sample attrition. To investigate this possibility and to examine the extent to which the treatment and control groups were comparable, we analyzed background characteristics of the groups. Table 1 provides a summary of the variables considered with separate values for the participants assigned to the mindfulness group and for the control group, with a further subdivision of the former groups into returnees and dropouts. The frequency values give an impression of a similar distribution of sex and rates of sick leave in the treatment and control group and for returnees and dropouts. The frequency of a (self-reported) diagnosis further appears similar across the groups. Additionally, the mean for continuous variables (e.g. age, pain intensity, duration of the pain, and baseline level of mindfulness) showed similar means across the groups. In line with these impressions, chi-square test tests failed to detect any significant association of the categorical variables (ps > . 05). Similarly, for the continuous variables, 2(group) Â 2(retest status) analyses of variance revealed no tendency of differences between returnees and dropouts, or between the treatment and control group.
With regard to the sample as a whole, one might note, the mean of NRS pain rating was in the range (5-7) of moderate pain typical for most chronic pain conditions (Breivik et al., 2006) . The large overweight of female is similar to that in a comparable studies (e.g. 90.3% in Dowd et al., 2015; 98% in Davis & Zautra, 2013) , partly reflecting a higher prevalence of chronic pain conditions for females in the population (56% in Breivik et al., 2006) . The proportion of the participants with ratings of global life satisfaction of 5-6 (range 1-6) defined as ''satisfied'' was 33.6% (36/107), which is far below the 70% reported for a healthy reference group in Silvermark et al. (2008), but somewhat higher as compared with the group of chronic pain patients (21%) examined by Silvermark et al. HADS scores were slightly higher as compared with Swedish normative data (Lisspers et al., 1997; age 50-59) , whereas the AUDIT (M ¼ 1.8) scores were lower (Bergman & Ka¨llme´n, 2002) . Finally, the initial mean FFMQ (total) score of the present sample was slightly lower than that of a group of 288 participants without prior experience of mindfulness meditation in Lilja (2009; M ¼ 97.2, t ¼ 3.66, p < .01) indicating a general lack of prior experience with mindfulness training (as was also verified by responses to a direct question in the web questionnaire).
Training adherence
Information regarding the degree to which the participants had adhered to the mindfulness training was collected as part of the postintervention questionnaire. The participants were asked to report whether they had completed the program or not (yes/no), and if not indicate the highest step in the program they had completed, self-report data that could be verified by user logged data.
Of the 36 participants, 21 had completed the training or were at the final step (18 will full completion). Of the remaining participants, nine had completed half or more of the steps, whereas six were still at the first half of the program. Analyses comparing the completers (! step 7) vs. noncompleters ( step 6) on background variables using chi-square test and independent t tests of participants assigned to the mindfulness group revealed no apparent selectivity (ps > .05).
Comparison of pre-and postintervention assessments
Next, we compared data on the outcome variables before and after the intervention. We adopted an intention-to-treat strategy (Peduzzi, Henderson, Hartigan, & Lavori, 2002) , meaning that all of the participants that provided posttreatment data were included in the analyses. To provide examine a potential dose-response relationship, we additionally report separate estimates of effect size (Cohen's ds, computed based on Cohen's (1988) formula adjusting for the correlation between pre-and postintervention scores) for the entire group and for the participants with complete/near complete training (n ¼ 21) 3 . In a related vein, we report the cases in which the Group (mindfulness vs. control group) Â Time (pre-vs. posttreatment) analyses of variance (ANOVAs) 4 yielded a different result when data for participants with a lower level of adherence to the training (< step 7) were removed. A summary of the means, standard deviations for the mindfulness group and the control group pre-and postintervention, and values for Cohen's d is provided in Table 2 .
Mindfulness
For mindfulness skills (FFMQ total score), a 2 (Group; mindfulness training vs. control group) Â 2 (Time; pre-vs. postintervention, or Time 1 vs. Time 2) mixed ANOVA, with Group as between-subjects factor and Time as a within-subjects factor, showed a significant interaction between the Group and Time factors, F(1, 75) ¼ 12.2, MSE ¼ 180.9, p < .001, 2 p ¼ 0.14, reflecting selective improvements in the mindfulness group. In addition, we observed main effects of Group, F(1, 75) ¼ 4.95, MSE ¼ 178.9, p < .05, 
Pain intensity
The corresponding ANOVAs for the measures of pain intensity (NRSIntensity and MPI-Severity) revealed significant interactions of the Group and Time factors; for NRS, F (1, 75) In sum, significant group-by-time interactions were observed across most of the outcomes measures, reflecting larger improvements from pre-to posttreatment assessments in the mindfulness group compared with the control group. Values for Cohen's d in Table 2 indicate that most of the effects ranged in size from moderate (Cohen's d > 0.5) to large (Cohen's d > 0.8). Minor improvements were seen for the control group, two of the estimates (for NRS pain intensity CPAQ score) exceeding the threshold of a ''small effect' ' (0.2; Cohen, 1988) . One might, finally, note that the effect sizes tended to be somewhat larger (Second column for Cohen's d in Table 2 ) when data for participants that had adhered closely to the mindfulness program were considered.
Discussion
In line with our first hypothesis, participants assigned to mindfulness training showed increased mindfulness skills. As was also predicted, the MBI group showed increased pain acceptance and reduced affective distress. In addition, ratings of global life satisfaction improved following. Finally, the improvements were larger than for the MBI group compared with the group assigned to the online pain-discussion forum, as demonstrated by significant group-by-time interactions.
The results adds to prior findings of substantive effects of MBIs in chronic pain (Chiesa & Seretti, 2011; Veehof et al., 2011) . They further add to prior evidence (e.g. Davis & Zautra, 2013; Gardner-Nix et al., 2008 ) that online mindfulness training in individuals with chronic pain conditions may show effects that rival those observed using the standard face-to-face format. The present effects on the humanistic outcome measure were generally in the range from moderate to large. The size of the improvement of this brief intervention in a group of individuals with long-lasting pain (14.5 years on average) is notable, and the increased life satisfaction ratings in particular are important for a group that often show low levels of satisfaction (Silvermark et al., 2008 ).
An interesting aspect of the results was that effects of the MBI were observed also for pain intensity ratings (see also Dowd et al., 2015; Gardner-Nix et al., 2008) , an effect which, as mentioned previously, has been under some debate (Chiesa & Seretti, 2011; Reiner et al., 2013; Veehof et al., 2011) . Thus, the present observation seems consistent with the reasoning by Reiner et al. (2013) that an active component of mindfulness training could be detachment of cognitive and emotional pain components that may aggravate the experience of pain in individuals suffering from chronic pain. The results also appear consistent with indications that mindfulness training has an analgesic effect on experimentally induced pain in healthy individuals (Zeidan, Gordon, Merchant, & Goolkasian, 2010) . According to a recent study, the mindfulness-based reduction of pain may involve different neural mechanisms than analgesia induced by placebo or ''sham mindfulness meditation'' (Zeidan et al., 2010) . More specifically, the results indicate areas of that brain typically affected by opoid treatments differ from those affected by MBIs, suggesting that the different treatments may have complementary effects. Of further interest, experienced (Zen) meditators exhibited lower pain sensitivity as compared with controls, which was associated with a thicker cortex in pain-related brain areas (Grant, Coutermanche, Duerden, Duncan & Rainville, 2010) . Thus, mindfulness training may provide partial relief of the pain experience itself, not merely reduce the distress secondary to conditions involving chronic pain (e.g. Cusens et al., 2010) . The prior online study by Dowd et al. (2015) showed decreased pain intensity after training, in common with the present result, but lack of maintenance to a long-term (six months) follow-up, though. Further research is needed to establish the mechanisms underlying the effects of mindfulness training on pain intensity, and the boundary conditions for such effects to occur. Possibly, continuous training is required to maintain an initial reduction of pain intensity, whereas effects on pain acceptance are more likely to endure even the mindfulness exercises are performed occasionally following an initial training period.
Notwithstanding the substantial effects and the comprehensive measurement of aspects central to chronic pain (e.g. pain intensity, interference, acceptance emotional distress) and use of a randomized control groups design, this study has limitations. First, the outcome measures were based on self-reports which may be susceptible to placebo effects. A measure of social desirability may have been valuable to control for such influences. Objective measures (e.g. physiological measures and brain imaging data) are in addition likely to be valuable in future studies to rule out these influences as well as to scrutinize the mechanism underlying the effects of mindfulness training.
Second, we did not control for the amount of time or effort that the individuals allotted to participation in the discussion forum. Given this matter and the small effect sizes observed for the control group, which may have been expected to be larger based on results of a prior study (Lorig et al., 2002) , our control group might not have been a fully active control group. In particular, future studies should design the control task so as to better match features of the MBI, including continuous activity over the study period and, if possible, a similar expectation of improvements from the ''treatment'' (Boot, Simons, Stothart, & Stutts, 2013) . To better isolate the mindfulness component, inclusion of alternative treatments delivered online during the same treatment period (e.g. CBT; cf Dowd et al., 2015) are important to consider. So-called three-armed designs with two control groups (e.g. one that is assigned to an alternative online treatment) should be able to provide stronger validity evidence.
Third, even though a reasonable portion of the sample provided postintervention data (65% in the mindfulness group; cf. Cuijpers et al., 2009; Dowd et al., 2015; Melville, Casey, & Kavanagh, 2010) and no apparent selectivity of the dropout could be seen, there was evidence of (partial) non-adherence to the training. Specifically, 15 out of 36 did not reach the final steps of the program (we monitored weekly progress; future studies should consider measuring adherence at the level of daily practice). This may raise doubts regarding the feasibility of the home-based training. Even though it is a challenge to find means to promote adherence in future studies, it might be pointed out that the flexibility of delivery, which must be restricted in studies, for purposes of experimental control (and also likely to more restricted in face-to-face courses) may considered an advantage in everyday settings. The eight-week program may, for example, be completed in 9 or 10 weeks (unfortunately, we did not check the extent to which the present noncompleters finished the training after the posttreatment assessments, but most likely a few of them, at least). Thus, flexibility of delivery, and other advantages, such as a lowdelivery cost, may suggest that the home-based training is of value even with a lower (or slower) completion rate than traditional face-to-face formats.
Of final concern, the study was restricted to a follow-up on the outcome measures immediately after the intervention. A fuller evaluation of the program requires a long-term (6-12 months) follow-up to determine the degree to which the beneficial effects of the training are maintained. Results of the prior online MBI study by Dowd et al. (2015) were encouraging to the extent that the improved pain acceptance and pain catastrophizing (but, as noted, not reduced pain intensity) observed immediately after the MBI showed good maintenance over a six-month follow-up.
In conclusion, despite some shortcomings, including a control group insufficient to isolate effects of mindfulness and lack of a long-term follow-up, the results of improvements on humanistic outcome measures as well a reduction of pain severity, indicate that web-based mindfulness training might be an effective and low-cost alternative, or complement, to established forms of treatments (e.g. opoid treatment) in chronic pain conditions. These indications should motivate further studies including larger samples, more carefully designed control groups, and long-term follow-up.
